Primary infection with varicella zoster virus (VZV) leads to the clinical manifestation of chicken pox. Following primary infection, VZV remains in the body as a latent infection in the dorsal root ganglia and cranial nerve ganglia. VZV can be reactivated when VZV-specific cell-mediated immunity becomes weak, resulting in herpes zoster accompanied by vesicular eruption along the dermatomic nerve and pain. In general, herpes zoster mainly occurs in the elderly, who exhibit low VZV-specific cell-mediated immunity, and in the immunocompromised. However, it can also occur in immunocompetent children. The clinical symptoms of herpes zoster, such as pain, pruritus, and fever, are milder in children than in adults, and complications are also less frequent © Korean Vaccine Society. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/ by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. Purpose: There are limited population-based data regarding herpes zoster in children. Thus we conducted a multi-institutional epidemiological analysis of herpes zoster in children and comparative analysis according to their immune status.
and less severe [1, 2] .
Epidemiological studies of herpes zoster, as well as its causes and underlying mechanisms in immunocompetent children, are relatively scarce compared to the number of studies conducted on adults. As herpes zoster appears consistently in immunocompetent children [3, 4] , there have been studies examining the correlation between the incidence of herpes zoster and chicken pox vaccination, in addition to some largescale population-based epidemiological studies [2, [5] [6] [7] [8] , but none of these results have been validated. It is known, however, that varicella vaccination does not increase the incidence of herpes zoster and that the frequency of occurrence varies by region. In addition, it has been reported that early infection with VZV and underlying chronic disorders represent risk factors for herpes zoster in immunocompetent children [6, 9, 10] .
Although national immunization program (NIP) vaccination, including the varicella vaccine, has been required since 2005 in Korea for children over the age of 1 years, the incidences of varicella and herpes zoster have remained the same. Since the implementation of NIP vaccination, there have been no population-based epidemiological studies on herpes zoster, and systematic epidemiological studies are also lacking [11] [12] [13] , as are comparative studies of herpes zoster in immunocompetent and immunocompromised children. Thus, in this study, we conducted a multi-institutional epidemiological analysis of herpes zoster in children after the introduction of chickenpox vaccination into NIP, as well as a clinical comparative analysis of immunocompetent and immunocompromised children.
Materials and Methods
We recruited participants from among patients below the age of 18 who were admitted to the department of pediatrics -in 8 Patients were divided into immunocompromised and immunocompetent groups according to their immune status resulting from underlying diseases. Patients receiving cancer therapy or long-term administration of steroids or immunosuppressants due to hematological tumors, solid tumors, congenital immunodeficiency, autoimmune or rheumatic immune disease, chronic kidney disease, or organ transplantation were categorized as immunocompromised. Patients who had not been diagnosed with one of these underlying diseases were categorized as immunocompetent. The progression of clinical symptoms, associated complications, and treatment outcomes regarding herpes zoster were compared between the 2 groups.
SAS for Windows version 9.4 (SAS Institute Inc., Cary, NC, USA) was used for all statistical analyses. Categorical data, such as sex ratio, distribution of mean age, manifestation rate of an associated symptom (fever), and the route of drug administration, were analyzed by chi-square test. The category, witha low expected frequency, was analyzed with Fisher exact test. Continuous data, such as mean age, days with fever, mean days of admission, blood test values, and treatment period, were analyzed with two-sample t tests. Differences were considered statistically significant at p≤0.05.
Results

Demographic characteristics and underlying diseases
Among a total of 126 subjects over the seven years of the study, there were -9 cases of herpes zoster in 2009 (4 immunocompetent vs. The median age of the patients was 8.6 years in the immunocompetent group and 11.4 years in the immunocompromised group, which represents a significant difference between the 2 groups (p<0.001). Children aged 6-10 years were the most prevalent in the immunocompetent group (22 patients, 36.1%), whereas those aged 11-15 years were more prevalent in the immunocompromised group (30 patients, 46.2%). Despite this, there was no significant difference between the groups in terms of age distribution (p=0.062) (Table 1).
In the analysis of underlying diseases in the immunocompromised group, blood cancer was the most prevalent (52 patients, 80%), followed by aplastic anemia (8 patients), solid tumors (3 patients), chronic Epstein-Barr virus infection (1 patient), and rheumarthritis (1 patient).
Varicella disease history and varicella vaccine immunization history
In the immunocompromised group, among the 13 patients, with known history regarding whether they had varicella zoster infection or not, 9 subjects (69.2%) had varicella or herpes zoster. Among these, 3 patients had experienced a recurrence of herpes zoster, all of whom had received a stem cell transplant due to blood cancer. In the immunocompetent group, among 27 patients, with known history regarding whe ther they had varicella zoster infection or not, 16 subjects (59.3%) had varicella.
Among 107 patients who had been immunized with the varicella vaccine, 49 (45.8%) had a confirmed immunization history of varicella: 13 out of 64 (21.3%) in the immunocompromised group and 36 out of 43 (83.7%) in the immunocompetent group (Table 2) .
Associated symptoms, laboratory results, and hospitalization periods
Associated symptoms included fever, vomiting, and headache. Fever, which was the most prevalent symptom, occurred in 13 immunocompetent patients (21.3%) and 22 immunocompromised patients (33.8%). The mean duration of fever was 3.1 days in the immunocompetent group and 2.3 days in the immunocompromised group, whichwas not statistically significant (p=0.149) ( Table 3 ). In analyzing the laboratory results, we found that the mean white blood cell count was 6,210. Values are presented as number (%). Chi-square test.
active protein counts were 1.14 mg/dL in the immunocompetent group and 0.74 mg/dL in the immunocompromised group and were not significantly different between groups (p=0.256). No cases in the immunocompetent group exhibited increases in aspartate aminotransferase (AST) and alanine transaminase (ALT), markers for disseminative herpes zoster, while 27 (41.5%) in the immunocompromised group did, representing a significantly higher number of patients in the immunocompromised group (p<0.001) ( Table 3 ). The mean duration of hospitalization was 6.6 days (4-15 days) in the immunocompetent group and 11.0 days (7-21 days) in the immunocompromised group, a difference that was significant (p<0.001) ( Table 3 ).
Dermatomic distributions of herpes zoster skin lesions
Herpes zoster skin lesions are distributed over 1 or more dermatomes. In the immunocompetent group, the frequency of zoster in trigeminal dermatomes was 32.8% (20 patients), followed by the thoracic dermatomes (29.5% 18 patients), while in the immunocompromised group, the thoracic dermatomes (21 patients, 32.3%) was the most involved followed by the lumbar dermatomes (17 patients, 26.2%). There were 18 (14.3%) cases involving more than 2 dermatomes, with 8 cases from the immunocompetent group and 10 cases from the immunocompromised group (Table 4) .
Treatment and complications
Patients were treated with oral or intravenous antiviral agents. Among immunocompromised patients, 39 were given intravenous acyclovir only, and 26 were given both intravenous acyclovir and oral antiviral agents (acyclovir, 23; famciclovir, 2; valacyclovir, 1). No patient was treated only with oral antiviral agents. In the immunocompetent group, 36 patients were given intravenous acyclovir only, and 13 patients were given both intravenous acyclovir and oral antiviral agents (acyclovir, 12; famciclovir, 1). In addition, 12 patients were completely cured by oral acyclovir administration, which was a significant difference from the immunocompromised group (p<0.001). Failure of treatment after the administration of antiviral agents was not observed in either group (Table 5) . Regarding complications, encephalomeningitis was observed in 2 immunocompetent patients and 1 immunocompromised patient, and Ramsay Hunt syndrome was observed in 3 immunocompromised patients. A microbiologically confirmed secondary bacterial infection of surgical scarlet fever caused by Staphylococcus aureus was observed in 1 patient from the immunocompetent group. In addition, one cellulitis, keratitis, and blepharitis cases were observed in the immunocompetent group. Neuralgia was reported in 7 patients following herpes zoster infection: 6 cases from the immunocompromised group and 1 case from the immunocompetent group (Table 6 
Discussion
Herpes zoster is a disease caused by the reactivation of latent VZV following reduced virus-specific cell-mediated immunity. Although it mainly occurs in the elderly and immunocompromised, it can occur in all age groups and immune statuses. Despite regional differences, it is consistently reported in children. Hence, epidemiological study and monitoring of pediatric herpes zoster are required. Recently, studies to assess changes in herpes zoster incidence rates in children after the introduction of the varicella vaccine [8, 14, 15] , and studies about the risk factors of herpes zoster in normal children [6, [16] [17] [18] have been reported. However, epidemiological studies of herpes zoster in Korean children are still lacking.
Incidence rates of herpes zoster in children vary widely across studies, as do views on the association between herpes zoster and varicella vaccination. This partially stems from conflicting study results; for example, some studies reported an increase in the incidence of herpes zoster due to reduced natural exposure resulting from a decrease in varicella infection after the introduction of the varicella vaccine [19] [20] [21] . In contrast, other studies claimed that the incidence of herpes zoster has decreased because the latent version of the live attenuated varicella vaccine strain exhibits reduced reactivation activity compared to that of wild viruses [22, 23] . The mean age of incidence was found to be 8 years in one report and 12 years in another, also showing variation. However, the fact that early varicella infection is associated with the incidence of herpes zoster in immunocompetent children has been accepted by most researchers [6, 17, 19, 24] . Furthermore, the incidence of herpes zoster is known to be high in children without immunodeficiency but who have chronic diseases such as asthma or diabetes [25] [26] [27] . One Korean study reported that the incidence of herpes zoster in children have increased since the mid-1990s, when the varicella vaccine was introduced, and that the median age of incidence is 9.9 years [11] .
We performed a retrospective study after the varicella vaccine was introduced to the routine NIP, and thus our study has certain limitations. However, we were able to confirm that the incidence of herpes zoster has remained constant in immunocompetent children. The median age at onset of herpes zoster in this study was 8.6 years in the immunocompetent patients and 11.4 years in immunocompromised patients, reflecting a significantly lower age in immunocompetent patients (Table 1 ). Among immunocompetent herpes zoster patients, 16 had a history of varicella infection, with 10 of these infections occurring before the age of 2 years. Hence, we speculate that the mean age was lower in immunocompetent children than in immunocompromised patients because early infection is associated with the incidence of herpes zoster in immunocompetent children. In addition, most immunocompetent children received the varicella vaccine, while immunization rates were low among immunocompromised patients (Table 2) . To confirm this, a prospective, longitudinal cohort study is needed.
In terms of underlying disease states, we found that 3 immunocompetent children had diabetes. Additionally, it has been shown that immunocompromised children, especially those with hematological malignancies and solid tumors, exhibit high incidences of herpes zoster as adults [16] . Among the 65 immunocompromised patients who participated in this study, 52 of them had hematological malignancies, and 3 had solid tumors.
In our study population, general symptoms such as fever and fatigue appeared in the early stage. Pain and pruritus of the skin lesions was the most common symptoms. In most patients, pruritus increased as the inflammation and blisters associated with skin lesions dissipated, and pain was only observed in certain immunocompromised patients. This clinical progression consist with previous study results [28, 29] . Furthermore, postherpetic neuralgia can occur in the late stages of the disease, and therefore proper pain management is required. These typical clinical symptoms can be clearly observed in the elderly and immunocompromised adults. In children (excluding immunocompromised children in whom treatment was delayed or not given), both immunocompetent and immunocompromised patients generally exhibit mild symptoms and progression compared to adults [28, 29] . A recent study reported significantly higher rates of associated symptoms, such as fever, pain, and pruritus, in immunocompetent children with herpes zoster than in immunocompromised ones, suggesting that the differences were related to immune status [28] . In this study, the most common symptom (excluding skin symptoms) was fever, the mean duration of which was 3 days in both groups. According to the basic blood chemistry test performed during hospitalization, total white blood cell counts and neutrophil counts were significantly higher in immunocompetent patients than in immunocompromised children. According to the liver function test, ALT and AST levels were elevated in 41.5% of immunocompromised patients. means of 6.6 days in immunocompetent children and 11.0 days in immunocompromised children. Despite these differences, low levels of segmented neutrophils and changes in liver function were reversed in the immunocompromised group within 2 weeks, and clinical severity was not associated with the duration of admission (Table 3) .
The dermatomic distribution of the skin lesions revealed that the cranial nerve was most involved in immunocompetent children, followed by the thoracic nerve, cervical nerve, and lumbar nerve. In immunocompromised patients, the thoracic nerve was most commonly involved, followed by the lumbar nerve, cervical nerve, cranial nerve, and sacral nerve. While dermatomic involvement varies from study to study, involvement of the thoracic nerve dermatome is generally reported to be the most common [28] . In our study, 39 patients (30.9%) exhibited thoracic nerve involvement, which is consistent with previous results. In addition, multiple nerve involvement was observed in 8 (13.1%) immunocompetent patients and 10 (15.4%) immunocompromised patients, reflecting no difference between the 2 groups (Table 4) .
Before the introduction of antiviral agents and varicella zoster immunoglobulin the mortality rate of herpes zoster in immunocompromised patients was more than 7%. In this regard, early treatment is important for immunocompromised patients. Owing to high individual variation in disease progression, close monitoring of organ function and viral load is required after the administration of antiviral agents [30] . In general, starting antiviral treatment within 72 hours of the manifestation of skin lesions leads to the most favorable progression and prognosis. Acyclovir is administered intravenously or orally as the primary antiviral treatment, but intravenous acyclovir treatment can also be accompanied by oral treatment with famciclovir or valacyclovir. When there is no response to primary treatment, an alternative treatment regimen involving foscarnet or cidofovir is available. In patients with impaired renal function, brivudin can also be used as an alternative antiviral agent [29, 30] . In addition to these direct treatments, steroids can be used in parallel to alleviate pain and reduce the duration of symptoms, but it does not affect the incidence of postherpetic neuralgia. In this study, 60 immunocompetent and 62 immunocompromised patients were treated with acyclovir exclusively. Hence, acyclovir was the most common treatment and was performed within 3 days of the manifestation of skin lesions in all patients. One patient from the immunocompetent group and 2 from the immunocompromised group were treated with acyclovir injection and famciclovir oral administration, while 1 patient from the immunocompromised group was treated with acyclovir injection and valacyclovir oral administration. Thus, the 2 groups were largely treated with similar methods. However, acyclovir was administered orally in 12 patients from the immunocompetent group and intravenously in all immunocompromised patients, thereby reflecting a significant difference in this aspect of treatment (Table 5) .
Complications are generally known to occur more often and display increased severity when immunocompromised patients receive delayed or improper treatment [15, 29, 30] . However, some studies have reported that there are more complications during the early stages of the disease involving superinfected skin lesions and ophthalmic lesions in immunocompetent children than in immunocompromised patients [16, 28] . In this study, there were also cases associated with superinfected lesions, including cases of cellulitis, surgical scarlet fever, keratitis, and blepharitis, in immunocompetent patients at the time of admission. These complications were not observed among immunocompromised patients, reflecting a difference between the 2 groups. In contrast, postherpetic neuralgia was observed in 1 immunocompetent patient and 6 immunocompromised patients, and Ramsay Hunt syndrome was observed in 3 immunocompromised patients. Moreover, 2 immunocompetent patients and 1 immunocompromised patient presented with meningitis at the time of admission (Table 6 ), but symptoms improved within 3 days in all 3 patients. Most patients in this study did not exhibit either severe progression or sequelae, and postherpetic neuralgia was not severe. Such positive results appear to stem from early diagnosis and treatment.
In conclusion, we found that the incidence of herpes zoster in immunocompetent children has remained consistent following the inclusion of the varicella vaccine to the NIP in Korea. In immunocompetent children with herpes zoster, the disease was likely caused by early varicella infection, with a younger age of herpes zoster incidence than among immunocompromised patients. Clinically, the mean duration of hospitalization was longer for immunocompromised patients than for immunocompetent patients, but there was no increase in progression severity or serious complications. This is likely due to proper treatment received during the early stages of skin lesion development in both groups. In the future, active management of childhood herpes zoster will require monitoring of disease incidence and epidemiological changes through a prospective cohort study. Furthermore, methods for preventing early varicella infection in immunocompetent children and for reducing the incidence of herpes zoster in immunocompromised children, potentially through an inactivated or subunit varicella zoster virus vaccines, should be explored.
